content and phosphorylation of the neuronal growth-associated protein B-50 (GAP-43) were studied in cultured neocortex as a function of normal development and development in the presence of tetrodotoxin (TTX), a blocker of bioelectric activity (BEA). The observations were correlated with previous morphological findings on neurite outgrowth and B-50 immunolocalization in the same cultures.
content and phosphorylation of the neuronal growth-associated protein were studied in cultured neocortex as a function of normal development and development in the presence of tetrodotoxin (TTX), a blocker of bioelectric activity (BEA). The observations were correlated with previous morphological findings on neurite outgrowth and B-50 immunolocalization in the same cultures.
In control cultures, the concentration of B-50 reached a maximum at 7 days in vitro (DIV) and decreased thereafter, whereas the concentration of neuron specific enolase (NSE), which was used as a neuronal reference marker, rose till 28 DIV and leveled off towards 42 DIV. The degree of basal phosphorylation of B-50 (relative to that of total protein) decreased after the first week in vitro. Stimulation of B-50 phosphorylation by phorbol ester also decreased with age in vitro, indicating that changes in B-50 phosphorylation were mainly due to changes in protein kinase C (PKC) activity.
The chronic presence of TTX led to a reduced content of B-50 and NSE after 14 DIV. The basal phosphorylation of B-50 was neither affected by acute nor chronic 'ITX treatment. However, upon stimulation of PKC with phorbol esters, some alterations of B-50 phosphorylation were revealed in cultures grown in 'ITX. These biochemical observations are in line with the absence of effects of 'ITX on neurite outgrowth during the first 2 weeks in culture, and later effects of TTX on neuronal survival.
The developmental changes in B-50 concentration and phosphorylation largely correlate with previous morphological observations on axonal outgrowth and growth cone shape in the same cultures. We suggest that B-50 phosphorylation plays an important role in transducing extracellular signals into directed neurite outgrowth.
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Formation
of specific connections within the developing brain involves neurite outgrowth to the target and the formation of selective synapses. These complex processes are guided by extracellular clues, which, by acting on receptors present in the membrane of growth cones, exert a modulating influence on the intracellular machinery for outgrowth and synaptogenesis.7.14S16~18~35 A likely candidate for the membrane signal transduction system that conveys directional clues onto the outgrowth mechanism, is the neuron-specific phosphoprotein B-50, also known as GAP-43, pp46, Fl, or P57.4*35 B-50 is a growth-associated protein,4,35-37 which is most prominently localized in growth cone membranes,4~10*35 and is strongly expressed during developmental and regenerative neurite outgrowth.'5,36*37 As one of the main substrates for protein kinase C in growth cones,17,4' . it has been suggested that B-50 phosphorylation plays a role in membrane signal transduction by modulating the metabolism of the polyphosphoinositides41 and the subcellular distribution of calmodulin,' in response to external stimulL4' Moreover, B-50 has recently been found to affect the binding of In a preceding paper,32 we used primary cultures of rat cerebral cortex to demonstrate developmental changes in neurite outgrowth parameters, and effects of chronic addition of tetrodotoxin (lTX), which blocks spontaneously occurring bioelectric activity (BEA) in these cultures. In the present study, we relate these morphological findings to changes in the content and phosphorylation of B-50 in the same cultures grown in the presence or absence of BEA. Since Address correspondence to: G. J. A. Ramakers at the Department of Molecular Neurobiology, Rudolf Magnus Institute, University of Utrecht, Padualaan 8, 3584 CH Utrecht, The Netherlands.
Abbreviations: EEA, bioelectric activity; DIV, days in vim; NSE, neuron-specific enolase; PKC, protein kinase C; PAGE, polyacrylamide gel electrophoresis; 4a-PDD, 4a-phorbol-12,13-didecanoate; 4P-PDB; 4 x -phorbol-12,13-dibutyrate; PBS, phosphate-buffered saline; Pi, inorganic phosphate; PMSF, phenylmethylsulfonylchloride; SDS, sodium dodecyl sulfate; =X, tetrodotoxin.
